Abstract: The performance of goat dung in gravel soil commonly found in coconut lands of the low country wet zone was investigated. Goat dung was applied a t the rates of 18 and 24 kglpalmJyear and compared with treatments comprising recommended inorganic coconut fertilizer mixture (CU,) and the control (only dolomite). Dolomite a t the rate of 500g/palm/year was included in all treatments as a basal application.
INTRODUCTION
Animal manures, crop residues, green manures and compost are frequently used in developing countries to maintain or to improve fertility of soil, soil physical parameters and productivity. Many studies demonstrate that the application of organic manure enhances the microbial processes in the soil^.^,^ High organic matter content in soils is generally associated with greater water holding ~a p a c i t y .~.~ The objective ofthis study was to investigate the microbiological and certain physical and chemical parameters over a 12 month period after application of inorganic and organic manure to coconut soil and assess the effect of inorganic and organic manure on the yield of coconut.
METHODS AND MATERIALS
Location: This experiment was carried out in a coconut estate, Divulapitiya situated in the low country wet zone. The annual rainfall ofthis region was 2200-2500 mm during the experimental period. The soil was a yellowish brown, sandy clay loam with ironstone in the surface; and below 36 cm, the horizon passes to a sandy clay with lateritic gravel.
Experimental design:
The design of the experiment was randomized block design with three replicates. A block consisted of 4 plots each having eight effective palms bound by a guard row.
Fertilizer combinations and applications: Four different combinations of fertilizer treatments were applied into 4 plots i n a block as follows:
T l -control (only dolomite 500 g), T2 -Inorganic fertilizer (NPK + dolomite) -recommended inorganic fertilizer mixture for coconut (urea 700 g, saphos phosphate 700 g, muriate of potash 1600 g and dolomite 500 g) T3 -Organic manure (GD) + Inorganic fertilizer (NPK + dolomite) -goat dung 18kg, urea 50 g, saphos phosphate 150 g, muriate of potash 1200 g, dolomite 500 g T4 -Organic manure (GD) + Inorganic fertilizer (K + dolomite) -goat dung 24 kg, muriate of potash 1070 g, dolomite 500 g. The concentrations ofN, P,O,, &O and MgO of dried goat dung were 2.1%, 0.7%, 1.5% and 1.3% respectively.
These fertilizer combinations were applied per palm per year. The nutrient composition was based on the recommended inorganic coconut fertilizer m i~t u r e .~ Fertilizer combinations were applied in the entire area round the base of the palms upto a distance of 1.75 meters from the base of the coconut palm.
Soil.Sampling: Soil samples were taken in the manure circle of the palm (at a distance 1.25 m from the base a t the depth of 0-8 cm), at 1 month intervals upto a period of 12 months.
Yield recording: Female flowers, nuts and copra were recorded at bimonthly intervals.
Analytical methods: Total bacterial and fungal count^,^ microbial biomass C,B CO, e v o l~t i o n ,~ N mineralization rate,1° nitrification rate," chemical parameters (total N, available P and exchangeable K) 12 and soil moisture13 were carried out to assess the soil quality of the control plots and plots treated with various fertilizer combinations mentioned above.
RESULTS
All fertilizer treatments (organic and inorganic) significantly increased the identified microbiological properties of soil i.e. total bacterial count, total fungal count, microbial biomass C, CO, evolution, N mineralization rate and nitrification rate compared to the control (Fig. 1 to 6 ). The results showed that addition of organic manure significantly (p I 0.001) increased the microbiological parameters in the soil compared with the additions of inorganic fertilizer (Figures 1 to 6 ).
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The goat dung treated solid in this study showed anincrease in soil moisture (12-70%) compared with the control. A significant increase (p I 0.05) of soil moisture was also shown compared with inorganic fertilizer (Fig. 7) .
The chemical parameters i.e. total N, available P, and exchangeable K, showed significant (p 5 0.05) increase in the goat dung applied soils than that of the control (Figs. 8 to 10 ).
The yield parameters of coconut (i.e. female flowers, number of nuts and weight of copra), in the 3rd year after fertilizerlmanure application are given in Table 1 . The increase of the yield parameters of coconut in fertilized/manured palms over the control is given in Table 2 . Inorganic fertilizer
Female flowers
Number of nuts Weight of copra (kg)
DISCUSSION
The total bacterial and fungal count ofthe soil are very important microbiological parameters and indicate the fertility and the activity of the soil.14 Increased microbial populations developing in organic manure treated soils contribute to the rapid decomposition and break down of goat dung, releasing nutrients to the palm. Others have reported that the bacterial and h g a l populations were also higher in cattle manure treated soils than in soils treated with inorganic fertilizer. 15 The highest population of bacteria and fungi were also observed in maize straw treated soils compared to inorganic fertilizer treated soils. l6 Inorganic fertilizer (phosphatic and potassic fertilizers) treated soils showed a highest bacteria and fungi population than control soils.17
The bacterial and fungal count showed a significant (p I 0.001) increase up to about the 4th month and declined thereafter upto the 8th month ( Fig. 1 and  2 ). This is perhaps due to the readily available water soluble constituents of the organic residues enhancing the bacteria and fungal populations. A higher amount of organic C was also observed in the goat dung treated soils. This has resulted in improving the water holding capacity of the soil. A significant positive correlation was found earlier also between the organic manure content and water holding capacity of the soil. 15 It is possible that the higher microbial biomass reached in the first 4 months in organic manure treated soils (Fig. 3) , is due to the higher organic C content already present in the goat dung. Higher microbial biomass is found in straw supplemented with N fertilizer treated soil and FYM applied soils than in soils treated with only inorganic N fertilizer.18 Higher microbial biomass is found in only inorganic fertilizer (N fertilizer) treated soils than control.18 Many workers also showed similar pattern of changes of microbial biomass C with the applications of organic m a n~r e . '~,~~ High CO, content reflects the microbial activity. in the soil. Palms treated with goat dung showed significantly (p I 0.001) higher values for CO, compared with soils treated with only inorganic and no fertilizer treatments (Fig. 4) . This may be due to the increase of population of microorganisms after the addition of organic manure.
The mineralization of organic N is an important determinant ofthe availability of N to the palm. The rate of conversion of organic N to inorganic N reflects this increase in activity of soil microorganisms. A high rate of Nmineralization in the soils treated with goat dung compared with soils treated with only inorganic and no fertilizer treatments was shown in Figure 5 . Similar types of results were obtained when using pig and cattle slurry as the organic sources and (NH,),SO, as the inorganic fertilizer.,l Most of the N was mineralized in the first 3-4 months, when the biomass was also increasing rapidly. 10, 20 Nitrification is influenced mainly by autotrophic bacteria and some of h n g i in the agricultural soils. In this study a higher nitrification rate was shown in the goat dung treated soils (Fig. 6) probably as a result of the general increase in the population of microorganisms in these soils which helps in the breakdown of organic materials initially to NH: and then to NO; and NO;. An average increase of 50% of nitrification rate is shown in goat dung treated soils compared with only inorganic fertilizer treated soils.
The coconut production in Sri Lanka has fluctuated very widely during the last decade, primarily as a result of droughts. In this regard, soil amelioration by the use of organic mahure plays a n important role.
The increase in nutrient contents (N, P, K) shown in the goat dung treated soils during the first 4 month period coincided with increased soil microbiological activities. Hence it could be reasonably assumed that the increased microbiological populations and their activities observed during the first 4 months after application1 of goat dung were responsible for its rapid decomposition which released the nutrients to the soil. Many workers reported that the N, P and K increased in the first four months after the addition of different types of organic manures (i.e. cattle manure, compost etc.) to agricultural As expected the treatments did not show any striking increase of yield parameters over the control during the first two year period. However, in the 3rd year, the treatments showed a significant (p I 0.05) increase in the yield parameters. Initiation of primordium of female flowers normally takes about two years before the inflorescence opens.25
Therefore any significant increase evident in the nut production to fertilizer application will be only in two to three years aRer application of fertilizers. This explains the increase of yield parameters shown only in the 3rd year after the fertilizer application.
